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The capture and berthing of a controlled spacecraft using a robotic: manipulator is an important

technology for future space missions and is presently being considered as a backup Option for direct

docking of the Space Shuttle to the Space Station during assembly missions. The: dynamics and control

of spacecraft configurations that are manipulator-coupled witheac h spacecraft having independent
attitude control systems is not well understood and NASA is actively involved in_th analyfiei research:

on this three-dimensional control problem for manipulator-coupled active spacecraft and ex_:fimental::
research using a two-dimensional ground based facility at the Marshall Space Flight Center:(MSFC)_

This paper first describes the MSFC testbed and then describes a two-link arm simulator that has been
developed to facilitate control theory development and test planning, The motion of the arms and the

payload is controlled by motors located at the shoulder, elbow and wrist.

A symbolic manipulator, MAPLE, is used to derive the equations of motion based on a Lagrangian

formulation. The equations are programmed using the autocode feature of MAPLE in FORTRAN and are

then embedded in a usercode block of MatrixX which is the primary simulation software engine. The
simulator implements a digital joint motor controller. The joint motor control scheme generates

commands for the motor based on the difference between the joint angles derived from telerobotic

translational command inputs using inverse kinematics and joint angle measurements.
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CURRENT RESEARCH TESTBED
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SIMULATOR

Overview

_q

4_

° Derive Equations of Motion (EOM)- MAPLE

o Numerically integrate EOM for a given input- MatrixX



SIMULATOR

_Derivation of Equations of Motion

Url

• Based on Lagrangian Formulation•_

° Employs Symbolic Manipualtion (MAPLE) ...._

° Code for the Equations of Motion are generated in FORTRAN

• Equations are embedded in a usercode block of MatrixX
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MODELLING

(continued)

_q

• Kinetic Energy

1_ sZi l m112.0_ +T = Isi0 +_

m2_2 [(11 01 COS O1 + -2-12{}2 COS 02) 2

(la 01sin 01 + 12 02 sin 02) 2] + 1 m212 O_
2 2 12

q-

+ m3 [(la 01 cos 0a + 12 02 cos 02q- 13 1_3 cos 0322

+ (11 {)1 sin 01 + 12 02 sin 02 + 13 03 sin 032 ]
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MODELLING
(Continued)

Potential Energy

_q

V - 21 kxl (01_ esl)2 + 1 kx2 ( 02 _ es22
2

+__1kx3 (03 - 0s3)2

Virtual Work W =

Raleigh dissipation

TE, 0S1 + TE_(0s_.- 01 ) + TE3(0s3 - 02 )

F = 2-1kvl ( ql" dis1)2 + 1.2kv2( d12-dis2)2 + 12kv3 ( q3" qs3)2
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TEST MANEUVER

INITIAL CONFIGURATION

RETRACTED CONFIGURATION
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RESULTS

Payload x-velocity = ,061 m/s

_q

_q

Elbow joint
angle, deg.

" " i ..... i 'i ......... . : '

, i i i̧ ¸.,II,I
= _ ! i i ! ......... ! ..:, i

_._ ,,,_,"%_ i ! i / i i __f. i. i_! _i. i' " i.,,_fi.:......! !

Shoulder joint _ i . i.- _ ..J . i ,ii:-_. iJ..... _!:.... .i ]angle, deg. _I .... "!:_ ..: i ,... i _,
o. 1(_ 20 .... 3= 4a 50 60 70 ,, 50 90: 100

I, . i,,, i .... ii i,,i , ,,,, i !,,i,;= i,,,,,,, . m. i ,, ........ :

130,_ i i i i • ; i

.........! ; i l _ "-_ J J ..... J

"°.-= i i_ i i,",_ j i i'__. i.......!_ j._:._._:ii....... ! . i
"_,, i , i i,_,_ i i

<, i i i
60

- I

0- _0 20 30 40 50 60 70 S0 90 100

TIME, sec.



_as _WLL

O0L 06 09 02 09 O_ O_ OC O_ 0 L O

_- -.i _, !- - i .',:-i i _ ' :. ..

__ _ _,,_ _ _ _ _ .

"a_'ar&L

oo i. 06 08 Oz 09 O_ _ 0_: Oz os. o

' i

,_ _ . _,. . ,,.,:., "_'-,

Ob'_! YSYN

11_**

9

L_9

Z'z

8"Z

uJ 'ds!p

uJ'ds!p X

s/uJ L90"=/_4!OOlaA-X peol_ed

( ,uoo) S.L"iFIS Id



BU!llaPOLU u! papaau S]UamaAoJdLul

/tlaA!_oej_e pesn SlOO] uop, elnLu!s

Bu!BeJnooue eJe sllnseEI

s>iJemeEI Bu!pnlouoo

0

0

0

:: _i: ¸¸:



_ •_i_ii¸

_:_i, _ ,

i i,_ I

SESSION 10 Languages

Chaired by

Robert F. Estes

10.1 Object Oriented Numerical Computing in C++ - John Van Rosendale

10.2 Hardware Description Languages - Jerry H. Tucker

10.3 High Performance FORTRAN - Piyush Mehrotra
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